Introduction {#Sec1}
============

According to the reports of WHO, no matter in the developed or developing countries, the occurrence of tuberculosis (TB) was showing a rising trend, and in 2011, more than 9 million new TB patients were reported around the world, as well as 1.4 million cases of death \[[@CR1]\]. The rapid growth of global population was also one of the reasons for the continuous rise of TB cases. In the twenty-first century, mankind would continue to face the challenge of increased TB controlling \[[@CR2]\]. About 20% of TB cases was the extrapulmonary tuberculosis \[[@CR3]\], among which about 50% would involve the spine, and the spinal tuberculosis was more seen in the lower thoracic segment and the upper lumbar segment \[[@CR4],[@CR5]\]. Most spinal tuberculosis patients could obtain the cure through a standardized anti-tuberculosis treatment, while most patients would remain to have some degree of kyphosis, and the kyphosis of 3% to 5% patients would exceed 60° \[[@CR6],[@CR7]\]. The severe kyphosis would not only affect the patients' appearance and interfere their mental status but also affect the trunk balance and cardiopulmonary functions and even cause the delayed neurological damages \[[@CR8],[@CR9]\]. And the patients might often require the orthopedic surgeries due to the local persistent pain, dysfunctions, or cosmetic problems.

The correction surgery of thoracolumbar kyphosis should be based on the different kyphotic angles and the patients' specific circumstances, thus using the anterior, posterior, or combined approach for the orthopedic surgeries. The anterior approach existed such defects as low kyphosis-orthopedic rate, often with residual kyphosis, postoperative fibrosis, and adhesions; and when the kyphosis was above 60° and the pleural adhesions existed, it would be difficult to expose the lesions \[[@CR9],[@CR10]\]. Although the combined surgical approach exhibited satisfactory results, such shortcomings still existed as long surgical period, large trauma, and interference towards the cardiopulmonary functions, so it was also less used in the clinical practice \[[@CR11],[@CR12]\]. In recent years, the spine surgeons had increasingly adopted the single posterior approach to complete the debridement of spinal tuberculosis, to correct the kyphosis, as well as to perform the inter-vertebral support-graft fusion and internal fixation \[[@CR13]-[@CR15]\], which can avoid entering the chest and impede bringing *Mycobacterium tuberculosis* into the chest. Currently, the posterior approaches towards the kyphosis surgery included the following: Smith-Petersen osteotomy (SPO), pedicle subtraction osteotomy (PSO), posterior vertebral column resection (PVCR), and multi-segmental improved vertebral column resection (MVCR), etc. From January 2008 to January 2012, in conjunction with our own clinical practice, our department applied PVCR to treat 17 thoracolumbar spinal tuberculous angular kyphosis (TSTAK) cases that had the Cobb angle \>60° and reported as the following.

Materials and methods {#Sec2}
=====================

General information {#Sec3}
-------------------

This study had 17 cases, including five males and 12 females; aged 9 to 41 years old, with the mean age of 23.6 years. This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from the Ethics Committee of Kumming General Hospital. Written informed consent was obtained from all participants. The disease duration was 16 \~ 122 months, and the average duration was 37.5 months. Eight cases had the lesions involved in one to two vertebral bodies, and nine cases had the lesions involved in ≥3 vertebral bodies. And among the patients, five cases were post-thoracic tuberculosis (T5 \~ T10) kyphotic deformity, ten cases were post-thoracolumbar tuberculosis (T11 \~ L1) kyphotic deformity, and two cases were post-lumbar tuberculosis kyphotic deformity. The preoperative Cobb angles of all patients were \>60°, among who the Cobb angles of 13 cases were 60° \~ 90°, and those of four cases were \>90°, the biggest Cobb angle was 102°, and the average was 81.3° ± 12.8°. All patients could be seen with obvious kyphosis, while without such tubercular clinical symptoms as fever and night sweats, etc., the erythrocyte sedimentation rate and C-reactive protein were in the normal ranges. The preoperative nerve functional ASIA classification were the following: five cases were of grade D, 12 cases were of grade E (Table [1](#Tab1){ref-type="table"}). The X-ray, and 2D and 3D CT imaging and MRI were performed preoperatively to make clear the location and extent of kyphosis, the involved vertebral numbers, as well as the compression and degeneration situations of vertebral spine.Table 1**Clinical data of patientsCase numberAge/genderFollow-up (months)Diseased segmentKyphotic Cobb angle (°)ASIAPreopPostopFinal follow-upPreopFinal follow-up**122/M14T4--T7741519DD241/M13T5--T6601620DE328/M17T5--T6641518EE425/W16T5--T9861821DE524/W15T7--T9761821EE69/W27T11--L1721518DE716/W15T11--T12661012EE829/M17T11--T12761619EE928/W22T11--T12961923EE1030/M15T11--L1741721EE1123/W23T12--L1821922EE1226/W20T12--L1881720EE1314/W17T12--L2921719EE1415/W20T12--L21002225EE1528/W16T12--L2861621EE1616/W34L1--L31022832DE1728/W16L2--L3881619EE

Surgical procedures {#Sec4}
-------------------

All the patients were performed with the tracheal intubation for the general anesthesia, then pronely laid on the bow rack, the special attention should be paid to prevent neck hyperextension, in which situation the eyes and abdomen would be uncompressed; then set the convex apical vertebrae as the center, extended three to four vertebrae upwards and downward, and performed the median incision along the spinous process. The dermal, subcutaneous and lumbodorsal fascia were incised by turns, the paraspinal muscles was stripped from the subperiosteum to fully reveal the vertebral laminas, facet processes, transverse process, and partial ribs, and the surgical field must be spacious enough to ensure that the osteotomic site could be performed the periosteum-adhesive separation in the front of transverse process. The C-arm X-ray machine was used for the apical vertebral positioning then placed the bilateral pedicle screws in superior and inferior two to three vertebrae of PVCR vertebra. According to the preoperative planning and referring of the intraoperative lateral imaging results, the osteotomic border was marked, and the spinous process, vertebral laminas, facet processes, and transverse processes were resected according to the marks; the thoracic vertebra also needed to be cut 3 \~ 5 cm rib, costal diapophysis and rib head; the opposite side was fixed with the temporary fixation bars to ensure the spinal stability before the spinal anterior column osteotomy, thus the possible spinal cord injury might be avoided (if the osteotomy was performed in the thoracic vertebrae, 500-mg methylprednisolone injection should be intravenously dropped to protect the spinal cord). The vertebral pedicle and the outlet nerve root, which was in the lower edge of vertebral arch pedicle, was revealed and carefully freed 3 \~ 5 cm outwards along the nerve root, so that the nerve roots could be gently pull aside (if it was the thoracic nerve root, it could be ligated and cut 3 cm outside from the intervertebral foramen) then tightly stuck to the subperiosteum of vertebral lateral side. The nerve roots were stripped and pushed until the anterior longitudinal ligament, the vertebral sledge plate was used to protect such important organs as the anterior vertebral great vessel, vertebra-segmental vessels, and parietal pleura, and the compression hemostasis was also performed. Under the direct vision and careful protection of spinal cord, the vertebral body and intervertebral disc on one side were gently removed as planned by the bone knives, nucleus pulposus pliers, and curettes. When it was completed, the temporary fixation bar was exchanged, and the contralateral vertebral body was resected with the same method. The entire spine removal was completed when the bilateral resections met, then the sneak expansion was performed when decompressing the adjacent vertebral lamina. The distraction forceps were used to maintain an appropriate distraction in the anterior vertebral bodies, while the rear bars were replaced alternatively and with the appropriate pressure to gradually correct the kyphosis. The residual defect heights of anterior vertebral bodies were measured and filled with the titanium cage, which were mixed with streptomycin powder and small autologous bone pieces and had the suitable diameter (for the thoracic vertebra, 1.6 cm; for the lumbar vertebra 1.9 cm) and high. Thus, the intervertebral-supporting vertebra fusion was performed; the autologous bone pieces were implanted and pressed tightly into the both sides of titanium cage then replaced the preflex fixation rods, so that the rear pressure-fixation was performed to complete the deformity orthopedics. The orthopedic procedure must be carried out slowly to observe whether the spinal cord exhibited the folds and compression. At the same time, the loosening or unplugging of the pedicle screws should be noticed. Once the orthopedic surgery is completed, the wake-up test should be performed timely to prevent the occurrence of paraplegia. After that, the posterior lateral and intervertebral graft fusion were performed, the drainage tubes were placed, and the wound was closed.

This study resected three cases of single residual lesion vertebra, five cases of two residual lesion vertebrae, and nine cases of three residual lesion vertebrae. The average resection of residual lesion vertebrae was 2.35. The fixed segments were generally two segments upper and lower in the lumbar segments, three segments upper and lower in the thoracic segments, and upper three segments and lower two segments in the thoracolumbar segments, respectively. All the patients exhibited no significant sagittal imbalance before and after the surgery.

Postoperative treatment {#Sec5}
-----------------------

After the surgery, such conventional treatments as antibiotics, phlegm-resolving, and necessary supportive treatments were performed. Meanwhile, the patients' vital signs, movements of lower limbs, and feeling of the perineal region were closely observed, and all kinds of situations should be timely resolved. The patients with thoracic segment osteotomy were routinely given 500-mg methylprednisolone injection on the same postoperative day to reduce the possible spinal cord edema. The drainage tubes were withdrawn 48 \~ 72 h later. The patients were asked to be in strict bed confinement for 3 \~ 6 weeks while performing the simultaneous rehabilitation therapies such as ankle joints' flexion and extension, lower limbs' alternating raising and kicking, etc., as well as urinary catheter occlusion and massage. After that, the patients could wear the customized wearable brace for ambulation.

Postoperative follow-up and efficacy evaluation {#Sec6}
-----------------------------------------------

All the patients undergone the normal and lateral lumbar X-ray examinations on the 3rd, 6th, 12th, and 24th month to understand the situations of orthopedic correction, internal fixation, and graft fusion, their Cobb angle were measured, and their 2D and 3D CT imaging were reviewed when necessary. The pre- and postoperative nerve functional recoveries were assessed by ASIA classification standards.

Statistical analysis {#Sec7}
--------------------

The SPSS 12.0 statistical software was used, the measurement data were expressed as $\documentclass[12pt]{minimal}
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                \begin{document}$$ \overline{x}\pm s $$\end{document}$, and the comparison of the Cobb angles, before and after the surgery, used the paired *t* test, with *P* \< 0.05 considered as the statistical significance.

Results {#Sec8}
=======

The operative time was 330 \~ 450 min, with the average as 364 min; the intraoperative blood loss was 1,600 \~ 2,500 ml, with the average as 2,218 ml; and the intraoperative blood transfusion was 1,000 \~ 2,000 ml, with the average as 1,863 ml. During the surgery, two patients had pleural rupture, while timely patched, and no pneumothorax or blood pneumothorax was observed. All cases exhibited postoperative first-stage healing, without the sinus formation, internal fixation loosening, or nerve function aggravation. Five patients were in grade D of nerve functions preoperatively, while four of them returned to grade E after the surgery. The preoperative Cobb angle was 60° \~ 102°, with an average of 81.3° ± 12.8°. The postoperative Cobb angle was 10° \~ 28°, with an average of 17.3° ± 3.6°, which was significantly improved than the preoperative (*P* \< 0.01). The average kyphotic correction rate was 68.7% ± 6.5%; the postoperative follow-up was 13 to 34 months, with an average of 18.7 months. In the final follow-up, the Cobb angle was 10° \~ 32°, with an average of 20.6° ± 3.9°, which lost an average of 3.3° than the postoperative (*P* \> 0.05) but still significantly improved than the preoperative (*P* \< 0.01). The typical cases were shown in Figures [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}.Figure 1A 41-year-old woman who presented with 60° post-tubercular angular kyphosis in the 5th and 6th thoracic vertebrae. Preoperation X-ray **(a)**, MRI **(b)**, CT images **(c)**. After PVCR procedure, her kyphosis were corrected to 16° **(d)**.Figure 2A 23-year-old woman who presented with 82° post-tubercular angular kyphosis in the 12th thoracic vertebrae and 1st lumbar vertebrae. Preoperation X-ray **(a)**, CT images **(b)**, MRI **(c)**. After PVCR procedure, her kyphosis were corrected to 19° **(d)**.

Discussion {#Sec9}
==========

Such a variety of diseases as the spinal tuberculosis, congenital spinal deformity, and spinal trauma could lead to the increase of spinal kyphotic angle, which were the common causes of kyphosis. Among them, the spinal tuberculosis would often destroy the anterior and middle vertebral spine and damage the growth plates in children, while the posterior spine would continue to grow. Thus, the kyphosis would often be resulted in, and it was the most common cause of kyphosis. When the kyphosis was greater than 90°, it might induce the delayed neurological damages, even the paralysis. Thus, it usually required the surgical orthopedic treatment \[[@CR16],[@CR17]\].

The surgical methods towards the kyphosis included SPO, PSO, VCR, and MVCR, etc. The angle that could be corrected by the single segment SPO was limited, typically 10° \~ 20° \[[@CR18]\], while that of single segment PSO was improved to 30° \~ 40° \[[@CR19]\]. VCR had the strongest correction ability towards the kyphosis, reaching up to 49° \~ 80° \[[@CR16],[@CR17],[@CR20]\]. From the results of these literatures, we could see that SPO and PSO were only suitable for mild to moderate kyphosis while not satisfied towards the severe kyphosis; VCR could gain the satisfactory results towards the severe kyphosis, while it could not be used towards the mild to moderate kyphosis, because the skill difficulties of VCR were bigger, with bigger trauma and higher risk. In this study, the kyphotic angles of all patients were \>60°. Thus, the PVCR technology was applied, which could really shorten the operation time, reduce the trauma, and the effects were not worse than the combined anterior-posterior approach VCR, the results showed that the preoperative average Cobb angle was 81.3°, while the postoperative average Cobb angle was 17.3°. The average kyphosis correction rate was 68.7%, and the average kyphosis correction angle was 64°. So, the orthopedic results were satisfactory. We thought that the PVCR technology was the effective method for the correction of severe kyphosis, but because the technical difficulties were huge, the risks were high. It must be cautiously and gradually carried out by the highly qualified spine surgeons. Otherwise, the catastrophic complications might appear.

Since Suk et al. \[[@CR21]\] reported PVCR in 2002, this technology had been more and more widely used in all areas such the spinal deformity, severe trauma, and tumors but less in spinal tuberculosis. The PVCR technology simplified the anterior-posterior combined-approach VCR technology. Through the single posterior approach, it could complete the resection of posterior, middle, and anterior vertebral column, the 360° nerve decompression surrounding the dural sac, and the inter-vertebral body graft fusion. It reduced the case selection that needed the combined anterior-posterior approach previously. Thus, it was a major advance in spinal surgical technologies. Compared with the VCR technology, the PVCR technology could not only reduce the surgical trauma and shorten the operation time but also avoid thoracotomy for the patients with thoracic lesions, reduce interference of the patients' cardiopulmonary functions, and increase the surgical safety. Based on these advantages, we had gradually applied the PVCR technology into the clinical practice of partial severe spinal trauma, cancer, and tuberculosis and achieved the satisfactory results.

The PVCR technology required the dural sac-surrounding 360° nerve decompression, spinal osteotomy, decompression, and fixation to be performed at the edge of spinal cord, which required the precise surgical procedures, soft and proper intraoperative usage of temporary fixation rods, so any slight intraoperative accidence might cause the neurological damage, even paralysis. Among the 70 cases reported by Suk et al. \[[@CR21]\], there were two cases with complete spinal cord injury. Dorward and Lenke \[[@CR22]\] reviewed and reported that the average neurological complication rate was up to 14.3%. This showed that PVCR was still the surgery with high risks and difficulties. Therefore, we must master the basic SPO, PSO, and other spine osteotomy technologies then strictly judge the indications, gradually and carefully carry out this surgery, and should never blindly speed up. Only in this way could such catastrophic consequence of the spinal cord be avoided.

Starting from the surgical positioning, we should carefully check all the details, such as that the abdomen should be vacant, the bony prominence should be padded softly, the eyes could not be under pressure, and the neck could not be in the hyperextension, etc. The surgical revealing must be full for the operation under the direct vision. The revealing of vertebral body must be close to the subperiosteum, so that the damages to such adjacent vital structures as the vertebral segmental vessels and thoracoabdominal large vessels could be avoided. When performing the vertebral osteotomy, revealing must be full, the operation must be under the direct vision, the bone knife must be sharp to avoid excessive vibrations, and the dural sac should not be interfered as much as possible. The temporary fixation rods should be placed on the contralateral side to ensure no spinal slippage during the spinal osteotomy. The time of correcting the kyphosis was the time that the neurological complications were most prone to occur. Lenke et al. \[[@CR23]\] reported that about 50% spinal cord injuries occurred at this time; the laminar decompression and the moderate sneak expansion of two adjacent faces should be completed in advance, meanwhile moderately distracting the vertebral osteotomic planes, to avoid excessive crispation, accumulation, and iatrogenic spinal obstruction when the posterior spinal columns closed; the closure of the posterior spinal column should be gradual and steady, completed fractionally. Once the deformity correction was completed, the intraoperative wake-up test should be performed to understand the situations of spinal functions; if the lower limbs were found unmovable, the degree of deformity correction should be significantly reduced while rapidly infused with 1.0-g methylprednisolone to rescue the spinal functions. When the intervertebral titanium cage-supporting graft was completed, both sides of titanium cage should be moderately implanted with the autologous bone pieces and pressed with fingers to increase the bone graft effect; as for the cases that had the gap \<3 mm after the laminar closure, the vertebral graft fusion could be simultaneously performed.

This study had no intraoperative and postoperative complications, which was related with the small case numbers and not-long-enough follow-up period, thus there existed a certain degree of limitation. The analytic results might thus exist certain statistical deviation. But in general, PVCR was safe and effective in treating TSTAK, as long as the preparations were proper and full. It could effectively improve the kyphosis correction rate while not increasing the perioperative complications.
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